Treatment of osteonecrosis of the femoral head with hBMP-2-gene-modified tissue-engineered bone in goats.
The efficacy of beta-tricalcium phosphate (beta-TCP) loaded with bone morphogenetic protein-2 (BMP-2)-gene-modified bone-marrow mesenchymal stem cells (BMSCs) was evaluated for the repair of experimentally-induced osteonecrosis of the femoral head in goats. Bilateral early-stage osteonecrosis was induced in adult goats three weeks after ligation of the lateral and medial circumflex arteries and delivery of liquid nitrogen into the femoral head. After core decompression, porous beta-TCP loaded with BMP-2 gene- or beta-galactosidase (gal)-gene-transduced BMSCs was implanted into the left and right femoral heads, respectively. At 16 weeks after implantation, there was collapse of the femoral head in the untreated group but not in the BMP-2 or beta-gal groups. The femoral heads in the BMP-2 group had a normal density and surface, while those in the beta-gal group presented with a low density and an irregular surface. Histologically, new bone and fibrous tissue were formed in the macropores of the beta-TCP. Sixteen weeks after implantation, lamellar bone had formed in the BMP-2 group, but there were some empty cavities and residual fibrous tissue in the beta-gal group. The new bone volume in the BMP-2 group was significantly higher than that in the beta-gal group. The maximum compressive strength and Young's modulus of the repaired tissue in the BMP-2 group were similar to those of normal bone and significantly higher than those in the beta-gal group. Our findings indicate that porous beta-TCP loaded with BMP-2-gene-transduced BMSCs are capable of repairing early-stage, experimentally-induced osteonecrosis of the femoral head and of restoring its mechanical function.